This research shows a protocol to assess the computational complexity of querying relational and non-relational (NoSQL (not only Structured Query Language)) standardized electronic health record (EHR) medical information database systems (DBMS). It uses a set of three doublingsized databases, i.e. databases storing 5000, 10,000 and 20,000 realistic standardized EHR extracts, in three different database management systems (DBMS): relational MySQL object-relational mapping (ORM), document-based NoSQL MongoDB, and native extensible markup language (XML) NoSQL eXist.
Introduction
NoSQL (Not only SQL) DBMS have recently emerged as an alternative to traditional Relational DBMS (RDMBS). RDBMS have dominated the way data were stored in database systems for decades. Well-studied and understood relational algebra and calculus have guaranteed the efficiency and consistency of RDBMS 1 . NoSQL systems will not become substitutes for relational systems, but they could behave advantageously in certain scenarios and under several conditions. , i.e.,atomicity, consistency, isolation, or durability. As a result, they may be very inefficient if an element of a document references elements of the same or other such documents utilizing an indirection link. This happens because, in order to maintain consistency, the entirety of the referenced documents have to be processed sequentially. However, a non-relational database may be still appropriate if the main task performed by the DBMS is a document-based task. This is because data may remain in a form more closely approximating its true representation using a document-based NoSQL database, though this is also due to the special persistence policies accomplished by EHR medical documents (see discussion section).
The purpose of these methods is to showcase several experiments to compare the implementation of the persistence layer of a standardized EHR system using three different DBMSs: one relational (MySQL) and two NoSQL (document-based MongoDB and native XML eXist). Their computational complexity has been computed and compared using three different increasing size databases and six different complexityincreasing queries. The three database servers have been installed and configured locally in the same computer where the queries have been executed. See the Concurrency experiments have also been conducted in order to compare the performance of relational MySQL and NoSQL MongoDB DBMSs. The described ORM improvements (Node+Path and ARM) have also been compared using relevant appropriate results from the literature 10 .
Database management systems are evolving continuously at an accelerating rate. No one would think about this exponential development when the only existing paradigm was the relational model. To take an example, see for instance 12 , where a model was proposed to implement response-time improved relational databases retaining the ACID properties. 
Protocol

Build a Relational MySQL DBMS to Store Three Double Sized Standardized EHR Extracts Databases
Discussion
This protocol shows that pure relational ORM systems do not seem practical for single-patient queries (Q1, Q3, and Q4) since response times are slower, probably due to a high number of relational tables performing many expensive join operations, and due to the storage system used by the specific kind of database. NoSQL databases store data in a document-based fashion, while relational systems use a This protocol presents a troubleshooting protocol for the results presented in 7 regarding the ORM MySQL DBMS. The MySQL system has been updated to the latest version and the results have been slightly modified. In addition, a critical point in document-based NoSQL systems such as MongoDB is that they may preserve consistency when storing medical information 7 because when an EHR extract is updated, it is not overwritten, but a whole new extract with the new data is generated and stored in the system, and the original extract is maintained. This is a strict requirement of medical information, because some medical practitioners may have made important medical decisions based on the original data.
The improved relational ARM system drastically diminishes the number of relational tables and improves relational performance. However, since it modifies the relational schema, medical information held by the extracts may be queried, but extracts cannot be recovered in their exact original forms.
For very big databases in secondary use (research), it is not clear which database system is more appropriate, since the all-patient queries (Q2 and Q5) behave better in ORM than in NoSQL systems, but these systems perform better than the simplified relational systems in 12 . We consider Q6 a special query in between clinical practice and secondary use whose behavior cannot be determined by the results yielded by these experiments.
However, one limitation of the method is the inavailability of direct experiments comparing the improved relational ARM system with NoSQL MongoDB regarding single-patient, medical practice queries with exactly the same data used in the protocol. We maintained the results interpolating Table 3 and Table 5 regarding single-patient queries until the experiment including optimized ARM in the protocol was performed. We leave these experiments for future applications. One critical step within the protocol is the selection of free database, similar software versions from recent years, so that we may compare the exact state-of-the-art of the three technologies.
